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INTRODUCTION 
Cyanophyta are blue-green algae and are ubiquitous in their 
habitat. Plectonema boryanum and Lyngbya species which are used in 
this research are filamentous and are proven to be excellent research 
plants. There is a great deal of discussion caused by anxiety on the 
part of public health and water supply professionals concerning the 
pollution of water by algae. In order to control algae growth in water 
it is important to determine the specific nutrient requirements of these 
plants. Algae cultures have different requirements for growth nutrients. 
Several suitable nutrient media recommended by various researchers are 
available. However, no one nutrient medium could be employed to grow all 
Cyanophyta species successfully. 
The susceptibility of blue-green algae to virus diseases was 
established in 1963 by Safferman and Morris, with the isolation of blue-
green algae virus (BGAV). The virus was isolated from Indiana waste 
stabilization ponds which initially lysed the filamentous blue-green 
algae Plectonema boryanum. The virus host range has been shown to 
include several other species of Plectonema as well as members of other 
genera; Phormidium and Lyngbya (Safferman and Morris, 1964). Upon isola-
tion of this virus, it was recognized that viruses of this type could 
-have widespread application in the control of troublesome algae growths 
(Safferman and Morris, 1964). 
The present research was conducted to investigate a 
desirable nutrient medium which will support the growth of all 
the strains of Plectonema boryanum and Lyngbya species and to 
assess the effects of physiological conditions on the infection 
process and plaque-fanning ability of the blue-green algae virus. 
2 
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REVIEW OF bITERATURE 
Since the discovery of blue-green algae virus LPP-1, i 
{Safferman and Morris, 1963), attempts have been made to study its 
various aspects such as isolation, morphology, host spec~rum similari-
ty with bacteriophages, physical and chemical properties and its use 
I 
as biological algicide. 
Isolation of Blue-Green Algae Virus 
Safferman and Morris.{1963) first isolated BGAV and reported 
the first definite evidence that viruses may infect and destroy fresh-
water algae. This discovery led to an important new approach to controlling 
undesirable growths. The destructive power of the BGA virus could serve 
as a highly potent and selective algae control, thus making it possible 
to eliminate the use of the potentially dangerous chemicals that are 
employed in the treatment of algae. 
Removal of the BGA virus from water by using the virus-host 
system as a tool was suggested by Wilson and Fries in 1967. In 1968, 
Safferman noted some virus algicides are so successful that chemical 
controls are no longer necessary. He also presented the method for 
large production of the LPP-1 virus. In 1968, Safferman et al purified · 
and described the morphology of a new blue-green algae virus SM-1, 
which infected only unicellular fonns. The virus was isolated by 
Safferman and Morris in 1967. 
3 
pt. 
Host Spectrum and~Plague Formation 
The virus was designated as strain LPP-1 on finding that 
· i I 
its host spectrum included members of the genera Lyngbya, Plectonema,, 
; 
and Phormidum. Of the thirteen strains found susceptible to the LPP-1 7 · 
. . ~ 
virus, all had morphological characteristics that were remarkably 
similar (Drouet, 1963 and Safferman and Morris, 1964). 
Plagues by the Cyanophage 
In 1964, it was shown by Safferman and Morris, that the 
plaques formed by the LPP-1 virus are clear with edges, and vary in 
. 
size from less than O.lmm to more than 8.0mm in diameter. The diver-
gence in plaque size was attributed to the presence of varients within 
the strain. They isolated two distinct plaque types with identical host 
spectra from the LPP-1 virus and also found differences in the growth 
curve due to the large plaque-former multiplying at a somewhat faster 
rate. Singh and Singh (1967) isolated five strains of cyanophages, 
two of which differ in host range and plaque morphology, while the 
remaining three bring about lysates of LPP-1 host Plectonema boryanum, 
although showing variation in growth behavior and plaque size. 
Safferman and Morris (1964) have isolated two distinct plaque 
types from the virus LPP-1 on the basis of their sizes and large plaque· 
I 
type arbitrarily designated as the wild type (r+) and the small type 
referred as the mutant strain (r). They also showed that after three 
or more transfers, each plaque type was found to revert to a mixture 
4 
p 5 
-
of large and small plaques. They also indicated the host spectrurn of 
each plaque type (rand r+) identical to that of original LPP-1. :The 
I, 
thermal and pH stability of both type (rand r+) viruses are identical. 
!1 ~ ! 
(r+) has been noted that in the alkaline range, the BGA virus ha~' a pP.::: 
stability considerably greater than that generally reported for bacterfal 
viruses. The algae host~ boryanum IU 594, develops readily from pH 
7 to 11 and shows little or no development below neutrality. T~ey also 
indicated that the use of distilled water, as a diluent, subjected the 
virus to rapid inactivation, but this could generally be prevented by 
the use of a solution containiri.g 0.1 M sodium chloride and 0.001 M 
magnesium chloride. They showed that the plaque-forming units are in 
linear proportion to the virus concentration. Safferman, et al (1968) 
found that SM-1 virus infects both the bacteria and the unicellular 
algae that are tenaciously associated with the algae culture. They 
\ 
also found that the plaques formed by the SM-1 virus on both the hosts 
Microcystis aeruginosa and Synechococcus elongatus are clear with a 
diameter of less than lmm up 2mm. The pH and thermal stability ranges 
of SM-1 virus are similar to those of the LPP-1 virus (Safferman and 
Morris l964a). 
Morphology of the BGA Virus 
The LPP-1 virus is more closely allied to the bacteriaphage 
than to viruses of higher plants. Morphologically this virus resembles 
the Coliphages T3 and T4 in that it has a short tail about one-fourth the 
diameter of the head (Schneider, Diener, and Safferman, 1964; Smith, 
1 
et al, l966a). Electrontmicrographs revealed icosahedral particles 
of the virus with an aveJage diameter of about 56 mu. In a more recent 
report, Luftig and Haselkorn (1967) stated that the particle head had 
' 0 
edge-to-edge distance of an average 600 A. Safferman and Morris (1963) 
stated that the edges of these particles are made up of dumbell-shaped 
sub-units which number possibly six per edge. The virion has a short 
0 0 
forked tail (100 to 200 A long, 150 A in diameter) with an outer sheath, 
an inner core, and the attachment to one of the vertices of a polyhedral 
head (Luftig and Haselkorn 1966). It was confirmed by Safferman and 
Morris (1963) and Smith, et al, (1965 and 1966) that the virus particles 
have a long tail and not a very short one as previously suggested. Failure 
to observe these tails in purified preparation has yet to be resolved. It 
has been suggested, however, that they may fracture or retract during the 
process of purification. Long-tailed particles were also noted in plaque-
isolated viruses by Padan, Shilo, and Kislae (1967). However, Luftig and 
Haselkorn (1967) failed to substantiate these findings. They proposed that 
the tails observed in crude lysate owe their extra length to adsorption to 
membrane fragments. Echlin and Morris in 1965 proposed that the similarity 
in the basic structures of the blue-green algae and bacteria reflects the 
phage-like nature of the LPP-l virus, Goldstein (1966) suggested a possible 
taxonomic relationship between LPP-1 virus and the Coliphages. However, 
6 ' 
data from serological tests with T1, 
. I 
such relationship (Goldstein, 1966). 
the ne~'/ virus SM-1 i sapo Tyhedron with 
T2 and T3 Coliphages failed to show 
Safferman, et al (1968) showed that 
no distinct tail and with an average 
diameter of about 88 mu.: The virus is distinct from the blue-green algae 
virus LPp-1 and does not: appear to resemble basic morphological phage-types. 
The host plant of LPP-1 and Glll are more closely related to bacteria than 
to higher plants. Considering the high specific infectivity, and the 
presence of DNA, these blue-green algae viruses resemble bacteriophages 
than the viruses infecting higher plants. Therefore the name Phycovirus 
was proposed (Schneider, Diener, and Safferman, 1963) as a collective term 
for all these viruses. 
Chemical and Physical Properties 
Schneider, Diener and Safferman (1964) purified blue-green algae 
virus LPP-1 which reacted positively with diphenylamine, indicating that 
the virus contains DNA. Goldstein 0966) isolated the DNA and showed it 
to be double stranded with a molecular base composition of 55% guanine 
plus cytosine. Mor.eover, he reported that the virus has an apparent 
molecular weight of 51 + 3 x 106 Daltons, of which about 40% was DNA. 
Luftig and Haselkorn (1967) gave the quanine=cytosine content of the 
LPP-1 DNA as 53% and the molecular weight of the virus DNA as about 
27 x 106 Daltons. By DNA-RNA hybridization, they further showed a 0.25% 
homology between the LPP-1 virus and its host Plectonema boryanum, In 
view of the lack of homology, it has been suggested that LPP-1 is a poor 
strain for transduction. The amino acid content of the virus accounted 
for 52% of the particle weight. The over-all proportions of these amino 
acids presented a gross pattern which did not differ markedly from the 
7 
·, 
amino acid composition of other viruses (Goldstein, 1966). The molecu-
lar weight of BGAV LPP-l is about 25 + 2 million and it does not contain 
any appreciable quantities of constituents other than the four u~µal DNA 
I: ' 
' '\ ' 
bases (Goldstein and Bendet, 1967). They also suggested that BGAV-DNJl\.· 
~ 
can be extracted as one continuous intact strand. \, 
Process of Infection 
' Smith, et al (1967) and Brown, et al (1966) have made'a compre-
hensive study of the growth cycle of the LPP-l virus. From their findings, 
they indicated that virus replication proceeds according to the following 
sequence. A virus particle attaches to the outer wall of the host cell by 
its tail. Presumably the particle remains on the alga surface, whereas 
its DNA is injected into the ce 11 in the manner described for some phages. 
Viral DNA appears to be produced in the nuceoplasm. An apparent re-
arrangement of this region occurs in the early stages of infection. In 
addition, numerous fine threads, not seen in the nucleoplasm of normal 
cells have been observed and indicated as possible viral DNA. It is 
thought that the DNA migrates from the nucleoplasm to the photosynthetic 
lamellae since particles are observed between these structures which appear 
to consist of elongated helices. As virus formation progresses, empty 
spaces are noted where these particles were contained. From there, the 
helices apparently move into th~ vorogenic stroma, an area formed by 
the lateral displacement of the photosynthetic lamellae, which are located 
.. 
along the perimeter of the cell. This displacement occurs prior to 
virus formation and is invariably the first indication of infection. 
. I' 
1 i 
In the virogenic stroma, the elongated helices become enclosed i~'a 
i 
protein coat and condenses into a nearly spherical particle. At this 
point of development, tails are not visible. 
In 1970, Sherman and Haselkorn proposed on the basis of 
I 
electron microscope observations that the virus adsorbs by its tail, 
which eventually penetrates to the inner edge of wall layer. Viral 
,, . 
' ' 
•( 
' 
' 
DNA is injected through or transported across the plasma membrane. They 
showed that the viral protein synthesis and host DNA breakdown begin 
within the first hour after infection. The invagination of the photo-
synthetic lamellae, noticeable by 3 hours, requires protein synthesis. 
Intracellular viruses are first seen at 4 hours and cell lysis begins 
at 7 hours. By the 10th hour, all unlysed cells contain intracellular 
virus, and by 15 hours, very few cells remain unlysed. They failed to 
notice the migration of viral DNA from stroma to nucleoplasm, for the 
formation of helical DNA condensates in the intracellular spaces, or the 
migration of such condensates back to the stroma. They (Sherman and 
Haselkorn, 1970) could not find any evidence for the assumption that 
the viral synthesis occurs outside the virogenic stroma which Smith, 
et al suggested in 1967. They suggested that the lamellar invagination 
is due to the breakdown of host DNA, 50% of which is reincorporated into 
9 
the viral DNA formation. Both p~ocesses being dependent on viral 
directed protein synthesis. The uninfected filaments of Plectonema 
l I 
boryanum occur singly or interwoven with one another. In virus~ 
i 
infected cultures, lysis was first noted in cells that are randomly 
dfstributed along the length of the filaments. As lysis progresses, 
the filaments fragmented into smaller units and eventually only 
! 
scattered cells are evident in the preparation (Safferman and Morris, 
l964b). 
Algae Control with Viruses 
Virus disease reflects a basic approach to algae control, the 
effects of which resemble the fluctuations and succession so little under-
stood in the natural environment. In this control of algae by viruses 
are hidden undoubtedly the clues for efficient treatment of certain 
troublesome algae populations. 
From an economic viewpoint, a virus algicide is a relatively 
inexpensive means of treatment for algae control (Safferman, 1968). 
Once established in an algae bloom, the virus disease should disseminate 
to levels that are if not lower, at least comparable to the current 
expenditures for chemical controls. The stability of the LPP-1 virus 
has been shown to correspond closely to the growth pattern of its algae 
host. It thus enhances the prospects that it would be equally effective 
in any environment that could also support a dense growth of the suscep-
tible algae. Safferman and Morris (l964b) had shown drastic reductions 
10 
in the algae population about seven days after infection. 
Viruses of the LPP group have a wide geographic distribution 
. I; 
j j 
in waste stabilization ponds of the United States. These viruse~ were , 
. ' . "\ ' 
I ' 
readily isolated from ponds in Arkansas, California, Florida, Indiana .. ' 
\. 
Missouri, South Dakota and Texas (Safferman and Morris, 1967}. Padan · 
and co-workers (1967) established the presence of LPP virus in fresh 
I 
water ponds and fish ponds in the Beith Shean valley of Isreal. From 
a detailed study made on one of the LPP isolates (G-111), they concluded 
that it was closely related, or perhaps identical, to the LPP-1 virus. 
So far, our knowledge of virus diseases in the blue-green 
algae has been confined to the LPP group. The newly isolated SM-1 
virus (Safferman and Morris, 1967) however, constitutes a new parament 
for future studies of BGA viruses. 
ll 
MATERIALS AND METHODS 
Preparation of Media 
(1) Bristol's solution 
No. 
1 
2 
3 
4 
5 
6 
Bristol's solution as modified by Bold (1949) was prepared with 
six stock solutions, 400.00 ml in volume. Pyrex-distilled;water 
was used in all nutrient preparations. Each stock solution con-
tained one of the following salts in the amount listed. 
Inorganic Salt Amount Water (gram) (ml) 
NaN03 10. 0 400.00 
CaC1 2 1.0 400.00 
MgS04·7H20 3.0 400.00 
K2HP04 3.0 400.00 
KH2Po4 7.0 400.00 
NaCl 1.0 400.00 
Ten ml of each stock solution was added to 940.00 ml of Pyrex-.· 
distilled water. To this was added a drop of 1.0% FeC1 3 solution 
and two ml of minor elements solution (Trelease and Trelease, 1935). 
The minor elements solution was prepared by adding each salt in 
the following amount in Pyrex-distilled water. 
12 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Inorganic Salt Amount Water 
(gram) (ml) 
ZnS04·7H20 2.0 800.00 ~ i 
I' Na2si03 2.0 aoo.90 ' 
Al 2(so4)3·18H20 8.0 800.00 
KI 5.0 800.00 
K3Bo3 2.0 800.00 i 
Cuso4·5H20 0.4 800.00 
NiC1 2·6H20 1.0 800.00 
NaCl 2.0 800.00 
Li Cl 1.0 800.00 
As 2o3 0.5 800.00 
CoC1 2·6H20 1.0 800.00 
MnS04'4H20 2.0 800.00 
Twenty three ml of the mixed stock solution was used in preparing 
8600.00 ml of minor elements solution. pH of above nutrient pre-
paration was adjusted to 6.35 by adding 1.0% NaOH solution. 
,, 
.. i-
\. 
13 
b 
{2) 
No. 
l 
2 
3 
Cyanophycean Solution 
I 
Four stock solutions were used in the preparation of this nutrient. 
l i 
Ir 
Inorganic Salt Amount 
ram 
KN03 5.0 
K2HP04 
o. l 
MgS04·7H2o 0.05 
Ten drops of 1.0% ferrous ammonium citrate solution was added to 
1000.00 ml of this medium. pH was adjusted to 7.4 with 1.0% 
NaOH solution. 
~ ' 
•\ ; 
.... ' 
l,j 
,, 
{3) Soil Extract Medium 
For 1000.00 ml of the medium, 960.00 ml of Bristol's solution, 
as prepared above, was added to 40.00 ml to soil-water supernanant. 
pH was adjusted to 6.35 with 1.0% NaOH solution. Approximately 
500.00 grams of soil were mixed with 1000.00 ml of distilled water 
and was allowed to settle overnight. The supernanant was centri-
fuged at 8000 rpm for 10 minutes, then filtered through filter paper. 
The filtrate was used for ~oil extract nutrient preparation. 
14 
(4) 
No. 
1 
2 
3 
4 
5 
6 
Bold 1 s Basal Medium 
Six stock solutions, 400.00 ml in volume, were employed each 
containing one of the following salts in the concentrations 
listed. 
Inorganic Salt Amount 
ram 
NaN03 10. 0 
CaC1 2·2H20 1.0 
K2HP04 3.0 
KH2Po4 7.0 
MgS04·7H20 3.0 
NaCl 1.0 
For the proper dilution, 10 ml of each stock solution were added 
to 940.00 ml Pyrex-distilled water. To this were added 1 ml of 
each of the four stock trace-element solutions prepared as follows: 
EDTA Stock Solution 
Fifty grams of EDTA (ethylene-diamine-tetra-acetic acid) and 31 grams 
KOH were dissolved in 1 liter of deionized water. 
Iron Stock Solution 
In 1 liter of acidified water, 4.98 grams of Feso4·7H20 was dissolved. 
Acidified water was prepared by adding l ml concentrated H2so4 to 
999.00 ml deionized water. 
15 
Baron Stock Solution 
In l liter of deionized water, 11.42 grams of H3Bo3 was dis olved. 
Miscellaneous Stock Solution 
In 1 liter of deionized water, the indicated amounts of the follo·.Jing 
salts were dissolved. 
No. Inorganic Salt 
1 Znso4·7H20 8.82 
2 MnC1 2·4H20 1.44 
3 Mo03 o. 71 
4 Cuso4·5H20 1.57 
5 Co(N03)2 ·6H20 0.49 
Blue-green algae, Plectonema boryanum (P581, P594, P597, P790) 
and Lyngbya species (L621, L622, L487, L488), were obtained from the 
Indiana University Culture Collection Center, Bloomington, Indiana. To 
grow algae for experimentation, 100.00 ml of Bold's basal solution were 
poured into 300.00 ml capacity of Belco flasks. Solutions were sterilized 
at 15 pounds pressure for 15 minutes in the Castel autoclave (Wilmot Castel 
Company, Rochester, New York). Medium was cooled to room temperature. 
A few filaments of each algae were transferred to the medium by using a 
transfer loop in ultraviolet transfer room. Transferred algae were then 
placed in a growth chamber under 200 ft-c fluorescent light and 21° tempera- · 
16 
ture. The culture of the algae was maintained on the solidified 
nutrient medium (15.0 g of agar per liter) in Belco culture tubes. 
Ii 
11 
'. 
Effect of Nutrient Agar Media on Algae Growth 
Inoculation Procedure: 
One hundred and fifty ml of each of the three inedia 
(Bristol's solution, Cyanophycean and Soil Extract) were poured 1into 
300.00 ml capacity Belco-culture flasks. They were sterilized at 15 
pounds pressure for 15 minutes in an autoclave. After cooling the media 
to room temperature, 1.00 ml of six week old algae was transferred to the 
medium in ultraviolet transfer room. The culture flasks were incubated 
in a growth chamber equipped with 200 ft-c fluorescent 1 i ght for an 8 
hour day and 16 hour dark day and night cycle and 21° temperature. 
Experiment and Observations: 
The experiment was randomized complete block design with 
four blocks and four replications (Cochran and Cox, 1957). To 
determine growth, an increase in chlorophyll 'a' and dry weight were 
determined. The first observation for chlorophyll 'a' content was 
started 20 days after the transfer of the algae. 
From the entire experiment, 24 bottles were randomly selected 
to avoid bacterial contamination~ Selected randomly, each strain exempli-
fied a specific block and medium. Spectronic 20 spectrophotometer 
(Busch and Lomb) was used for measuring the chlorophyll 'a' content 
17 
r 
~' 
. 
of the algae at 663 mu wavelength. Optical density was taken at 3 
day intervals. In order\to find ~hlorophyll 'a' in milligrams per 
i 
gram tissue, the optical \density was multiplied by the constant 
factor 1.07, which was derived by Arnon (1949). This indicated the 
increase of chlorophyll ,'a' in various strains grown in three different 
media. 
The experiments were terminated after 50 days of algae growth. 
The algae cultures were filtered through previously weighed filter 
papers (Watman No.1). The filter papers along with algae were dried 
in an oven at 45° temperature for 24 hours. The filter papers with 
algae were dried three times for 24 hours each time in order to get 
the constant dry weight. The weights were taken on Metller microbalance 
(Metller Balance Company, Hightown, N.W.). 
Preparation of Virus: 
A large plaque former blue-green algae virus strain LPP-1 
(cone. 2 x 108 plaque forming unit/ml) was received from 
Dr. Robert S. Safferman (Federal Water Pollution Control Administration, 
U. S. Department of the Interior, Cincinnati, Ohio 45226). Three week 
old culture of Plectonema boryanum (P594) was inoculated with 1.0 ml 
of LPP-1 virus. The algae (P594) lyzed in 5 days after inoculation. 
The lyzed algae culture was first centrifuged at 10,000 rpm in refrigerated 
RC2-B centrifuge for 10 minutes and the supernanant was passed through 
18 
r ~ 
t 
i 
millipore filter (GSWP) 47, GS 0.22 u, white plain, 47mm). This 
partially purified virus was stored at 4°C and was used in all t e 
experimental work. 
Dilution of Virus: 
This partially purified virus was diluted at 10-fold 
intervals in a salt solution containing 0.2 g MgC1 2·6H2o, 5.85 ~aCl, 
I 
and 1000.00 ml of distilled water. For Plectonema boryanum (strains 
P581, P594, P597) and Lyngbya species (strain 488), 10-5 concentration 
was used for Lyngbya species (strain 487), 10-2 concentration was used. 
Effect of Light on Plaque Development 
Ability to develop plaques of three strains of Plectonema 
boryanum (P581, P594, P597) and two strains of Lyngbya species (L488, 
L487) was assessed. 
Preparation of Petri Dishes: 
Fifteen grams of agar in a liter of Bald's basal medium (BBM) 
was autoclaved for 15 minutes at 15 pounds pressure. Forty ml of this 
preparation was added to each Petri dish. This was allowed to solidify 
at room temp_erature. The surface layer for each strain was prepared 
in a 50.00 ml sterilized beaker consistive of 2.0 ml of an appropriately 
diluted virus (lo- 5 for P581, P594, P597, L488 and 10-2 for L487), 24 ml 
of 3 to 4 week old algae and 10 ml of a 1.5% nutrient agar which had 
been previously autoclaved and cooled to 47° temperature. Out of this 
36 ml mixture, 9 ml was poured to each of four Petri dishes. The entire 
19 
procedure was carried out in ultraviolet transfer room. The Petri 
plate inoculated as the above were incubated in specially made gro~rth 
j ! 
chamber which was equipped with 3 light filters and several light)' 
controlled ventilators. 
J 
I This growth chamber was placed in a 7° cold 
,. 
room. The temperature inside the growth chamber was controlled through ' 
the ventilators and light intensity through removable filters. The 
I 
quality of light was provided by using gro-lux and fluorescent light 
tubes, and continuous illumination was given by keeping 19° + 1 constant 
temperature. The number of plaques were counted by marking the plate 
into several compartments. The size of the randomly selected plaques 
in a ~late was measured from edge to edge with the micrometer (K 16X, 
Carl Zeise). The observations started for all the strains at the same 
time. Two experiments were conducted at each light intensity with four 
replications in each strain. Average of the two experiments was taken 
and represented in the text. The size of the plaque was presented in 
millimeters. Wherever necessary, the data was statistically analyzed. 
Photography: 
All photographs were taken with l 6mm micron camera (Mi kkormat 
made in Japan) using Kodachrome II film for color slides (daylight or 
blue flash) ASA 25. 
. ;'• 
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RESULTS AND DISCUSSION 
Effect of Growth Media on the Chlorophyll 1 a 1 content and Dry Weight 
Increase of Plectonema boryanum and Lyngbya species 
Plectonema boryanum P597 
ii /, 
i 
Figure l indicated that as the time advanced from 22 days 
after inoculation to 50 days, chlorophyll 1 a 1 increased at a steady 
., 
,, 
,, 
rate in a 11 the three media. After 38 days of growth, Bristo 11 s sol u-
tion gave better increase in chlorophyll 1 a 1 than cyanophycean solution 
and soil extract. However, the differences in chlorophyll 1a 1 synthesis 
in these growth media were not significant statistically. These results 
can be confirmed from Table 1. Thus it can be concluded that the three 
nutrient media studied have equal effect on the chlorophyll 1a 1 synthesis 
in P597. 
Table 8 shows the dry weight increase in P597 when grown 
in Bristol's solution, cyanophycean solution and soil extract. It is 
clear from this table that cyanophycean solution gave significantly 
21 
r· ·1 l 
"' I 
" ! 
I 
i 
' 
i 
; 
. ·,I 
-! 
co 
U> 
i=" 
~ 
"' .: 
-
-!' 
..J 
)"··:·~II,'•\\..?;.:,· ..J 
>-~ 
a: g 
:c 
u 
140 p 597 
LEGEND 
0 0 A 12 0 
• • 
B 
0 (] c 
100 
80 
60 
40 
20 
20 23 26 29 32 35 38 41 44 47 50 
TIME (DAYS) 
Figurer: Effect.of growth media-on-1he-chiorophyll 'a' content of.PlectonE!ma-bor,Yinum .. (P597) gro~1TI 
under 200 ft-c fluorescent ligth and 21° temperature. A. Bristol's solution; B. Cyano-
·-·-·-- .. --Rh.Y<:~il.n .. medium; C. Soil extract 
N 
"' 
TABLE 1. Effect of growth media on the chlorophyll 'a' content of Plectonema 
boryanum (P597) grown under 200 ft-c fluorescent light and 21° 
temperature. A. Bristol's solution; B. Cyanophycean medium; 
C. Soil extract 
Plectonema bor~anum (P597} 
-
Media 
23 
Observation 
. [)ays After Bristol's Cyanophycean Soil Extract 
Transfer Chl. 'a I ugjgram tissue Chl. 'a' ug/gram tissue Chl. 'a I ug/gram tissue 
20 62.1 16. l 12.8 
23 1o.7 27.8 lo. 7 
26 32. 1 25.7 11.8 
27 42.8 46.0 26.8 
32 52.4 48.2 48.2 
35 52.4 73.8 43.9 
38 73.8 54.6 49.2 
41 89.9 65.3 56.7 
44 100.6 96.3 71. 7 
47 112.4 85.6 97.4 
50 127. 3 89.9 107. 0 
TABLE 8. 
Algae 
Effect of nutrient media on the dry weight of Plectonema boryanum 
and Lyngbya species growh under 200 ft-c fluorescent light and 21° 
temperature. . I, . 
Nutrient Media 
Bristol's Cyanophycean Soil 
Solution Solution Extract 
Strains Dry Weight (mg) 
P594 173.00 l. 73 15. 73 
P790 93.63 0.50 7.20 
P597 7.05 86.03 11. 78 
P581 12. l 0 1.28 11 .88 
L621 43.73 2.18 45.18 
L487 13.30 1.30 12.43 
L488 11. 58 1.75 9.88 
L622 0.73 1.03 5.88 
24 
L_ 
more dry ~1eight than the other two solutions. This probably indicated 
that chlorophyll 1a1 cannot be considered a true measure of dry weight 
increase. 
Plectonema boryanum P594 
Figure 2 and Table 2 present the results on chlorophyll 1a 1 
increase in P594 when grown in the three media mentioned above. Increase 
in chlorophyll 1a1 foll owed the same pattern as in P597 and the differences 
were not significant. 
In Bristol's solution, P594 produced 173.00 mg dry weight 
against 1.73 mg and 15.73 mg in the case of cyanophycean solution and 
soil extract respectively. This difference is significant. Data can 
be seen in Table 8. 
Plectonema boryanum P581 
P581 performed better in the synthesis of chlorophyll 1a' 
in cyanophycean solution and soil extract as compared to Bristol's 
solution. The statistical differences between cyanophycean solution 
and soil extract were non-significant whereas these two media synthe-
sized significantly more chlorophyll 1a1 as compared to Bristol 1s 
solution. Hence, it is quite apparent that for P581, Bristol 1s 
~olution is not suitable growth medium. Results can be confirmed 
from the Figure 3 and Table 3. 
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TABLE 2. Effect of growth media on the chlorophyll 'a' content of Plectonema 
boryanum {P594) grown under 200 ft-c fluorescent light and 21° 
temperature. A. Bristol's solution; B. Cyanophycean medium; 
C. Soil extract 
Plectonema bor anum P594) 
Observation Media 
Bristol s Cyanophycean Soi Days After 
Transfer Chl. 'a I u I ram tissue Chl. 'a' u I ram tissue Chl. 'a I 
20 lo. 7 15.0 
23 21.4 28.9 
26 21.4 22.5 
29 24.6 54.6 
32 42.8 67.4 
35 52.4 67.4 
38 67.4 64.2 
41 82.4 82.4 
44 l 02.7 94.2 
47 132.7 117. 7 
50 128.4 129.5 
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Extract 
u I ram tissue 
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TABLE 3. Effect of grml/th media on the chl~rophyll 'a' content of Plectonema 
i boryanum {P581) grown un9er 200 ft-c fluorescent light and 21° 
I 
temperature. A. Bristo~ 's solution; B. Cyanophycean medium; 
C. Soil extract 
Plectonema bor anum (P581) 
Observation Media 
oays After Br.i stol s Cyanophycean Soi Extract 
Transfer Chl. 'a I u I ram tissue Chl. 'a' u I ram tissue Chl. 'a I u /gram tissue 
20 5.4 20.3 20.3 
23 21.4 50.3 34.2 
26 21.4 42.8 36.4 
29 40. 7 53.5 53.5 
32 35.3 62. 1 59.9 
38 21.4 67.4 57.8 
41 32. 1 86.7 47.0 
44 37.5 85.6 85.6 
47 42.8 85.6 97.4 
50 64.2 96.3 99.5 
As far as dry weight is concerned, cyanophycean solution 
produced less dry weight as compared to other media. This difference 
is statistically significant at 0.01% level. Data can be seen in Table 8. 
Plectonema boryanum P790 
The pattern of chlorophyll 1a 1 increase in P790 is similar 
to P594. Differences in three media are not statistically significant 
(Figure 4, Table 4). However, cyanophycean extract synthesized some-
what more chlorophyll 1a' as compared to the other two media. 
Dry weight increase was significantly more in Bristol's solution 
as compared to the other two media. The differences between cyanophycean 
solution (0.50 mg) and soil extract (7.20 mg) was statistically non-
significant. Thus, it is concluded that P790 performs far better in 
Bristol's solution than cyanophycean solution or soil extract solution. 
Data can be seen in Table 8. 
Lyngbya species L488 
Lyngbya species in general behaved similarly to Plectonema 
boryanum. Figure 5, Table 5 show the pattern of chlorophyll 'a' 
synthesis in L488 when grown in Bristol's solution, cyanophycean 
solution and soil extract. Bristol 1s solution produced significantly 
~ower chlorophyll 'a' as compared to cyanophycean solution and soil 
extract. 
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TABLE 4. 
-
Effect of grm-Jth media on the chlorophyll 1 a 1 content of Pl ectonema 
boryanum { P790) grown under 200 ft-c fluorescent light and 21° 
temperature. A. Bristol's solution; B. Cyanophycean medium; 
C. Soil extract 
Plectonema bor~anurn {P790) 
Observation Media 
Bristol 1s Cyanophycean Soil Extract oays After 
Transfer Chl. 'a I ug/gram tissue Chl. 'a' ug/gram tissue ChL 1 a 1 ug/gram tissue 
20 26.8 1o.7 26.8 
23 24.6 22.5 22.5 
26 22.5 32. l 27.8 
29 46.0 64.2 46.0 
32 52.4 65.3 55.6 
35 63. l 70.6 66.3 
38 70.6 76.0 72.8 
41 78. 1 112.4 83.5 
44 102. 7 139. l 81.3 
47 l 05. 9 128.4 113.4 
50 123. l 140.2 118.8 
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TABLE 5. Effect of growth media on the chlorophyll 1 a 1 content of Lyngbya 
species (L488) grown under 200 ft-c fluorescent light and 21° 
temperature. A. Bristol's solution; B. Cyanophycean medium; 
C. Soil extract 
Lyngb,la s2ecies {L488} 
-
Observation Media 
Days After Bristol's Cyanophycean 
Transfer Chl. 'a' ug/gram tissue Chl. 1 a 1 ug/gram tissue Chl. 
20 35.3 22.4 
23 33.2 43.9 
26 33.2 42.8 
29 65.3 69.5 
32 64.2 74.9 
35 82.4 76.0 
38 64.2 82.4 
41 78. 1 99.5 
44 91.0 107 .o 
47 99.5 120. 9 
50 122.0 144.5 
".\ I 
~.. : 
" . 
. ::..! . 
Soil Extract 
34 
'a I ug/gram tissue 
71.1 
51.4 
54.6 
74.9 
84. 5 
89.8 
90.9 
125. 1 
142.3 
161 .6 
198.0 
r 
~ 
' 
l 
Dry weight data is pres~nted in Table 8. This table shows 
l 
that Bristol's solution fnd soil extract produced almost the same dry 
weight increase. Bristo\ 's solution being slightly higher, but dif-
ferences are not statistically significant. Data on dry weight can 
; 
be seen in Table 8. 
Lyngbya species LB487 
Increase in chlorophyll 'a' in LB487 was consistent with 
time of growth and similar to Bristol's solution, cyanophycean solution 
and soil extract (Figure 6 and Table 6). Statistical analysis showed 
no significant differences among med.ia. However, 38 days after growth, 
soil extract and Bristol's solution showed increased rate of chlorophyll 
'a' synthesis. In cyanophycean medium, chlorophyll 'a' synthesis decreased, 
but the decrease was not statistically significant when compared with the 
other two media. 
Dry weight presented in Table 8 shows similar increase in 
Bristol's solution and soil extract, but these two media produced more 
dry weight than cyanophycean solution. Dry weight in cyanophycean solu-
tion was significantly lower (at 0.01% level) than Bristol's solution 
and soil extract. 
35 
160 
140 
12 0 
-CD 
:::J 
(/) roo Cl) t= 
°' ....... Ct 
~ 
- 80 
c 
-
_J 
_J 
>-
:t: 60 a. 
0 
a: g 
:c 
0 40' 
20 
--~ ,~, ;_ ' I_·~. 
----------------------, \ . ;~ 
L 487 
LEGEND 
0 0 A 
I I B 
L.;CJi-------o c 
20 23 26 29 32 35 38 
TIME (DAYS) 
i 
41 . 44 ·47 50 
:· . ·--~ .... ,, ... 
i 
I 
' 
i. 
' 
Figure 6. Effect of growth media on the chlorophyll 'a' content--ofl:,yngbya· species-(LB487).grown.und.er_2_66.ft:c 
fluorescent light and 21° temperature. A. Bristol's solution; 's .. Cyanophycean medium; C. Soil r .:· · 
... _ .................. extract._." ...... , .. ,, ..... ,..... . ............................. __ .~ ....... ·~-...... _ .. 
v» 
m 
. "··-· "'·"·-·. ··~· ·~-,.· -~·~···1·•-·-~·-- -.~ ... , ... 
r 37 
f 
TABLE 6. Effect of growth media on the chl~rophyll 1a 1 content of Lyngbya 
species (LB487) grown under 200 ft-c fluoresent light and 21° 
temperature. A. Bristol's solution; B. Cyanophycean medium; 
C. Soil extract 
Lyngb ecies LB487) 
Observation Media 
oays After Bristol s Cyanop wcean 
Transfer Chl. 'a' u I ram tissue Chl. 1a 1 u I ram tissue Chl. 
20 21.4 13.9 
23 33.2 32. 1 
26 31.0 41.7 
29 52.4 49.2 
32 57 .8 55.6 
35 74.9 67 .4 
38 67.4 59.9 
41 87.7 68.5 
44 112.4 71.7 
47 98.4 85.6 
50 96.3 116. 6 
\. 
' 
Soi Extract 
'a' u I ram tissue 
26.8 
22.5 
35.3 
49.2 
58.9 
70.6 
74.9 
95.2 
117.7 
139. 1 
145.5 
Lyngbya sp~cies L621 
Figure 7 shows the pattern of chlorophyll 
L621. Increase in the synthesis of chlorophyll 1 a 1 
1 a 1 increasein 
Ii 
: I 
occurred up tb 
I: 
i 
23 days of the growth period. Later it remained constant except a 
slight increase at 47 days after growth in Bristol 1s solution. This 
\_ 
,, 
increase is unexplainable. However, in the other two media, the synthe-
' I 
sis of chlorophyll 1 a 1 are statistically non-significant. Synthesis 
of chlorophyll 1 a 1 in this strain was very low as compared to other 
Lyngbya species strains and Plectonema boryanum strains. This data 
explains that either of these three media are not suitable for the 
growth of L621. 
Dry weight increase is similar in Bristol's solution and 
soil extract. Increase in dry weight is the lowest in cyanophycean 
solution. Dry weight in cyanophycean solution is significantly 
lower than the weight in the other two media (Table 8). 
Lyngbya species L622 
Statistical analysis in appendix Table l shows that the three 
growth media studied do not have any significant effect on the growth 
of L622 strain~ L622 grew for about three weeks and then lysed. There-
fore data on chlorophyll 1 a 1 is not available. Observations indicated 
that L622 required special nutrient medium for the growth -other than 
Bristol's solution, cyanophycean, or soil extract solutions. 
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TABLE 7 • 
-
Effect of growth media on the chlorophyll 'a' content of Lyngbya 
\ 
species (L621) grm'ln und!er 200 ft-c fluorescent 1 i ght and 21° 
temperature. A. Bristo~ 's solution; B. Cyanophycean medium; 
C. Soil extract 
L~ngb~a SQecies {L621) 
Observation Media I oays After Bristol 1s Cyanophycean 
lJ_ransfer Chl. 'a I ug/ gram tissue Chl. 'a' ug/gram tissue Chl. 
! 20 26.8 o.o 
r 23 37.5 9.6 
t 
i 26 16. l 7.5 
29 5.4 1. 1 
32 0.0 1. 1 
35 1.6 2.2 
38 7.0 3.2 
41 4.3 1. l 
44 13.9 6.4 
47 37.5 3.2 
50 4.3 11.8 
l 
40 
Soil Extract 
'a' ug/gram tissue 
12.8 
7.5 
1o.7 
1o.7 
3.2 
2. l 
2. 1 
1.1 
1.1 
1.1 
1o.7 
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Effect of Varied Intensity of Fluorescent Light and 19 + 2° 
Temperature on the Development of Blue-Green Algae Virus Plaques 
in Plectonema boryanum and Lyngbya species. 
For this study a special chamber to incubate Petri dishes 
was built (Figure 9 A & B). Experiments were also conducted in walk-in 
growth chamber (Figure 10). 
200 ft-c Fluorescent Light 
Figure 11 shows that the highest number of plaques obtained 
were in P594 as compared to all other strains tested. P597 was the 
fast susceptible to BGAV under 200 ft-c light intensity. A pattern of 
plaque development in P594 can be seen in Figure 12. 
Among Lyngbya species L488 is more susceptible to virus than 
L487. L488 is less susceptible than P594. It is apparent from Figure ll 
and Table 9 that plaque size did not correlate with plaque number. How-
ever, P58l and L488 developed larger plaques than other strains. P597 
formed the smallest plaques. 
130 ft-c Fluorescent Light 
Under 130 ft-c light i~tensity, P597 produced the highest 
aumber of plaques than other strains in both Plectonema boryanum and 
Lyngbya species. Size of the plaques is almost similar in all the 
strains, although slightly larger plaques were developed in P581 as 
42 
43 
A 
B 
Figure 9. Incubating chamber expecially designed to study the effect of quality 
and quantity of light and temperature on the development of BGAV plaques 
in Plectonema boryanum and Lyngbya species. A. Entire chamber; 
B. Chamber showing Petri dishes being incubated. 
Figure 10. Belco flasks with Plectonema boryanum and Lyngbya species in 
growth chamber equipped with 200 ft-c fluorescent light and 
21° temperature 
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Effect of 200 ft-c fluorescent light and 19 + 2° temperature on the .size and number of blue-green algae t 
virus plaques developed on Plectonema borvanum and Lyngbya species f 
i . 
' I 
< .. n l. 
" ·~~~ 
. '· ~. '¥ ·.;·,.:: '. . ' 
A 
B 
Figure 12. Plaque development in Plectonema boryanum (P594) under 500 ft-c 
fluorescent light and 19 ±_ 2° temperature. A. With 4 Petri dishes; 
B. One Petri dish magnified three times 
46 
TABLE 9. 
-
l 
Effect of 200 ft-c fluorescent light and 19 + 2° temperature on the 
I -
size and number of blue-breen algae virus plaques developed on 
Pl ectonema boryanum and lyngbya species 
Algae 
Strain 
*P594 
P581 
P597 
**L487 
L488 
*P Plectonema boryanum 
**L Lyngbya species 
Number of 
Plagues 
30 
21 
10 
28 
15 
Size 
{mm) 
5.49 
6.74 
1.29 
4.42 
6.27 
47 
l 
compared to other strains. This ~ifference in size is not s_ignificant. 
I 
In general, under 130 fttc light intensity, plaques developed were eight 
times more and size thre~ times smaller than when both the species were 
grown under 200 ft-c light intensity. The data can be confirmed from 
l 
Figure 13 and Table 10. \The pattern of plaque development in strain 
P597 is presented in Figure 14. 
500 ft-c Fluorescent Light 
Data obtained under 500 ft-c light intensity is presented 
in Figure 15 and Table 11. Under this light intensity, strain L488 
developed more plaques than other strains. L487 produced the lowest 
number of plaques than all other strains in both Plectonema boryanum 
and Lyngbya species. 
Here the size of the plaque is also larger in L488 which 
produced the highest number of plaques. It seems that the size in 
this particular strain is correlated with the number at 500 ft-c 
light intensity. Size of the plaque in other strains is similar to 
the control of L487 and the pattern of plaque development in L487, 
L488 and P581 is shown in Figures 16, 17, 18 and 19 respectively. 
700 ft-c Fluorescent Light 
700 ft-c light intensity is the highest intensity used in 
the fluorescent spectrum. Data is presented in Figure 20 and Table 12. 
There is great variation in the number of plaques developed in various 
48 
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TABLE 10. 
l 
Effect of 130 ft-c fluorescent l~ght and 19 + 2° temperature on. 
the size and number of blue-green algae virus 
on Plectonema bor_yanum and 
Algae 
Strain 
*P581 
P594 
P597 
**L488 
L487 
*P Plectonema boryanum 
**L Lyngbya species 
Lyngbya species 
Number of 
Pla ues 
152 
301 
285 
229 
116 
plaques developed 
Size 
mm 
i 2.53 
2. 16 
2.02 
2.47 
2. 18 
50 
'\ 
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A 
B 
Figure 14. Plaque development in Plectonema boryanum (P597) under 500 ft-c 
fluorescent light and 19 ~ 2° temperature. A. With 4 Petri dishes; 
B. One Petri dish magnified 3 times. 
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TABLE 11 • 
-
Effect of 500 ft-c fluorescent light and 19 + 2° temperature on I -
the size and number of ~lue-green algae virus plaques developed 
I, 
on Plectonema boryanum and Lyngbya species 
Algae 
Strain 
*P581 
P594 
P597 
**L488 
L487 
*P Plectonema boryanum 
**L Lyngbya species 
Number of 
Plagues 
150 
171 
167 
212 
89 
Size 
(mm) 
l.80 
l.79 
l.87 
2.03 
1.64 
53 
A 
L487 
B 
Figure 16. Control for plaque study in Lyngbya species (L487) under 500 ft-c 
fluorescent light and 19 ±. 2° temperature. A. With 4 Petri dishes; 
B. One Petri dish magnified 3 times 
54 
A 
L487 
B 
Figure 17. Plaque development in Lvn~ species (L487) under 500 ft-c fluorescent 
light and 19 ! 2° temperature. A. With 4 Petri dishes; 
B. One Petri dish magnified 3 times. 
55 
A 
B 
Figure 18. Plaque development in Lyngbya species (L488) under 500 ft-c fluorescent 
light and 19 + 2° temperature. A. With 4 Petri dishes; 
B. One Petri dish magnified 3 times. 
56 
A 
B 
Figure 19. Plaque development in Plectonema boryanum (P581) under 500 ft-c 
fluorescent light and 19 ±. 2° temperature. A. With 4 Petri dishes; 
B. One Petri dish magnified 3 times. 
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TABLE 12. Effect of 700 ft-c fluorescent light and 19 + 2° temperature on . 
the size and number of blue-green algae virus plaques developed 
on Plectonema boryanum and Lyngbya species 
'\ 
,, 
':'-
-
'\-
\' Algae Number of Size 
Strain Plagues (mm) 
i P581 25 3.45 
P594 200 2.07 
P597 10 2.27 
L488 238 2.91 
1487 89 l.09 
strains of Plectonema boryanum ang Lyngbya species. The lowest 
number of plaques appeared in P597. The size of the plaques is 
the largest in P581 (3.45mm) and the smallest in L487 (l.09mm). 
The correlation in number of plaques and size of plaques is nega-
tive~ i.e. low number and larger plaque size. 
Therefore, it could be concluded from this data and the 
previous data, different light intensities did not show correlation 
between size and the number of plaques. However, it seemed that at 
200 ft-c light intensity there was correlation between the low number 
of plaques and larger size. In general, more plaques appeared in 
all the strains of Plectonema boryanum and Lyngbya species under 
130 ft-c light intensity. Largest plaques were developed in 200 ft-c 
light intensity. 
Effect of Varied Intensity of Gro-Lux Light and 19 + 2° Temperature 
on the Development of Blue-Green Algae Virus Plaques in Plectonema 
boryanum and Lyngbya species. 
125 ft-c Gro-Lux Light 
Behavior of Plectonema boryanum and Lyngbya species in 
developing number of plaques and.in the size of the plaques is different 
0 in different strains. Strain L488 produced the highest number of plaques 
and the largest size of plaque. Strain L487 produced the lowest number 
of plaques and fairly large (1 .89mm) sized plaques. There does not 
seem to be any correlation between the plaque size and plaque number 
(Figure 21 and Table 13). 
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TABLE 13. Effect of 125 ft-c gro-lux light_and 19 + 2° temperature on the 
size and number of blue-green algae virus plaques developed on 
Plectonema boryanum and Lyngbya species 
Algae 
Strain 
· *P581 
P597 
P594 
**L488 
L487 
*Plectonema boryanum 
**Lyngbya species 
Number of Size 
Pla ues (mm) 
117 1.71 
146 2.65 
76 1.89 
162 3.18 
38 2.60 
62 
300 ft-c GrQ-LUX Light 
I 
The number of plaques appeared under 300 ft-c gro-lux 
light were highest in P5~7 and also the size was largest in this 
strain as compared to all other strains. On the contrary, strain 
L487 produced the least ~umber of plaques and the smallest size of 
plaques (Figure 22 and Table 14). It seemed that there was good 
correlation between size and number in P597 and L487. 
400 ft-c Gro-Lux Light 
400 gro-lux light produced uniformly highest number 
of plaques and largest size of plaques by both Plectonema boryanum 
and Lyngbya species. However, P594 developed 319 number of plaques 
which is the highest of all the strains in both the species. P581 
developed plaques with the largest size (Figure 23 and Table 15). 
In general, it can be concluded that as the gro-lux light 
intensity increased from 125 ft-c to 400 ft-c, the plaque size and 
plaque number increased. On the other hand, in fluorescent light, 
there is no correlation between the light intensity and the development 
of plaques and their size. However, if fluorescent light is compared 
with gro-lux light, it seemed gro-lux produced more plaques and larger 
size in both Plectonema boryanum.and Lyngbya species. In other words, 
the susceptibility of the algae is increased under gro-lux light as 
compared to fluorescent light. 
63 
TABLE 14. Effect of 300 ft-c gro-lux light and 19 + 2° temperature on the 
l 
size and number of bluetgreen algae virus 
Plectonema boryanum andlLyngbya species 
Algae 
Strain 
*P581 
P597 
P594 
**L488 
L487 
*P Plectonema boryanum 
**L Lyngbya species 
Number of 
Pla ues 
150 
317 
161 
136 
93 
plaques developed on 
Size 
mm 
l.94 
3.52 
1.55 
1.34 
.26 
65 
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TABLE 15. Effect of 400 ft-c gro-lux light.and 19 + 2° temperature on the 
size and riumber of blue-green algae virus 
Plectonema boryanum and Lyngbya species 
Algae 
Strain 
*P581 
P597 
P594 
**L488 
L487 
*P Plectonema boryanum 
**L Lyngbya species 
Number of 
Pla ues 
202 
218 
319 
216 
256 
plaques developed on 
Size 
mm) 
I 3.62 
2.67 
2.56 
2.62 
2.61 
. 67 
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SUMMARY AND CONCLUSIONS 
This research was initiated to investigate the most desirable 
i' 
'I 
growth medium for algae, specifically, Plectonema boryanum (P594J 1 P597·~. 
I ~ ' 
.. ' 
P58l, P790) and hz'l!.gbva species (L62l, L488, LB487) and to find out ho .. ,~. 
varied light intensities and quality of light effect the .Plaque develop-
ment when algae was infected with blue-green algea virus (BGAV). 
I 
The media used were Bristol's Solution, Cyanophycean Solution, 
and Soil Extract Solution. Bristol's solution was prepared by adding 
10 ml of each of the following chemicals and made up to 1000 cc with 
Pyrex-distilled water: Six stock solutions 400 ml in volume, NaN03 
10.0 g., Cal Cl 2 1.0 g., MgS04·7H20 3.0 g., K2H P04 3.0 g., KH 2Po4 
7.0 g., and NaCl l.Og. ~were prepared. To the above solution, a drop 
of J.0% FeC1 3 solution and 2 ml of minor element solution were added. 
Cyanophycean solution was prepared by adding KN03 5.0 g., K2HP04 0.1 g., 
and MgS04·7H20 0.05 g. for each 1000 ml Pyrex-distilled water. To 
this solution 10 drops of 1% Fe ammonium citrate was added. Soil extract 
solution was prepared by combining Bristol's solution 960 ml with 40.0 
ml of soil water supernanant. 
One hundred ml of each of the above nutrient solutions in 
300 ml capacity Belco flasks were sterilized and cooled to 21°C. One 
ml of algae was transferred to this solution under sterile conditions. 
Algae was grown at 200 ft-c light intensity and 21° temperature for 
180 days. Growth pattern was assessed by taking chlorophyll 'a' measure-
ments with spectrophotometer (Spectronic 20) at 663 mu wavelength and 
68 
by taking dry weight of the algae~ 
Ability of the algae to develop plaques under gro-lux 
11 
: J (125 ft-c, 300 ft-c, and 400 ft-c light intensity) and fluorescent 
(175 ft-c, 300 ft-c, and 500 ft-c light intensity) lighting and 
at.19 + 2° temperature was assessed. Plaque counts were made on 
plates in which 5 ml of 0.5% agar inoculum was evenly distributed 
I 
over a solidified 15 ml layer of 1.5% agar. The surface layer was 
prepared in a sterile test tube consisting of 0.5 ml of an appro-
priately diluted virus suspension, 2 ml of week old algae (as grown 
above) and 2.5 ml of agar previously melted and cooled to 47° tempera-
tu re. 
Results showed that P594, P597 and L621 synthesized more 
chlorophyll •a• in Bristol 1 s solution as compared to the other two 
media. P790 and P581 showed increased chlorophyll 'a' in cyanophycean 
solution whereas, LB487 and L488 did better than other species in 
soil extract. 
P594 and P790 gave better yield of dry weight in Bristol 1 s 
solution whereas, P597 produced more dry weight in cyanophycean solu-
tion than others. Lyngbya species L621, L487, L488 showed a tendency 
to produce better yield in Bristol 1 s solution and soil extract than 
cyanophycean solution. Therefore, it could be concluded from these 
data that the cyanophycean species and strains that are susceptible 
to blue-green algae virus (BGAV) could be grown successfully and with 
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similar results in only one of th~ nutrient solutions tested. 
Data on the effect of light quality and intensity showed 
! I 
that in fluorescent light there is no correlation between light in-
f 
tensity and development of plaques and their size. However, in gro-
lux light, as intensity increased from 125 ft-c to 400 ft-c, the 
plaque size and plaque number increase. 
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TABLE L Statistical an4lysis (analysis of variance) on the dry weight 
of !:x.D_~ sped; es Strain L621 grown in Bristol 1 s solution, 
Cyanophycean solution and Soil extract under 200 ft-c fluorescent 
light and 21° temperature 
Source of Degree of Mean Sum of 
Variation Freedom Sum of Square Square F-level 
Among media 2 4,770.0 2,385.0 509.61 
Among expt. 
flasks 9 42.ll 4.68 treated 
alike 
Total 11 4,812.12 
Significant at 0.01% statistical level. 
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TABLE 2. Statistical an~lysis (analysis of variance) on the dry weight 
I 
of Lyngbya spehes Strain L622 grown in Bristol's solution, 
Cyanophycean s~lution and Soil extract under 200 ft-c fluorescent 
light and 21° temperature. 
Source of Degree of Mean Sum of 
Variation Freedom Sum of Square Square F-1 evel 
Among media 2 66.84 33.42 l.66 
Among expt. 
fl asks 9 180. 79 20.09 
treated 
alike 
Total ll 247.63 
Significant at 0.01% statistical level. 
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TABLE 3. Statistical an~lysis (analysis of variance) on the dry weight 
! 
i 
of Lyngbya species Strain L487 grown in Bristol's solution, 
Cyanophycean s~lution and Soil extract under 200 ft-c fluorescent 
1 i ght and 21° ,temperature 
! 
Source of Degree of Mean Sum of 
Variation Freedom Sum of Square Square F-level 
Among media 2 358.04 179.02 9.81 
Among expt. 
fl asks 9 164.27 18.25 
treated 
alike 
Total 11 522.31 35.07 
Significant at 0.01% statistical level. 
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TABLE 4. Statistical analysis (analysis of variance) on the dry weight 
of Lynghbya species Strain L488 grown in Bristol's solution, 
i 
Cyanophycean stlution and Soil extract under 200 ft-c fluorescent 
light and 21° temperature 
Source of 
Variation 
Among media 
Among expt. 
flasks 
treated 
alike 
Total 
Degree of 
Freedom 
2 
9 
11 
Sum of Square 
220.58 
66.51 
287.09 
Significant at 0.01% statistical level. 
... ...... ... -· .... 
Mean Sum of 
-Square . .. F- level 
ll 0. 29 14.92 
7.39 
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TABLE 5. Statistical analysis (a~alysis of variance) on the dry weight 
of Plectonema boryanum Strain P581 grown in Bristol's solution, 
! j 
'I 
Cyanophycean solution and Soil extract under 200 ft-c fluorescent 
I' ~ •. 
light and 21° temperature 
Source of 
Variation 
Among media 
Among expt. 
fl asks 
treated 
alike 
Total 
Degree of 
Freedom 
2 
9 
11 
Sum of Square 
316. 19 
' 40.96 
375.15 
Significant at 0.01% statistical level. 
Mean Sum of 
Square 
158. l 0 
4.55 
\ 
' 
F-level 
34.75 
TABLE 6. Statistical analysis (analysis of variance) on the dry weight 
of Plectonema boryanum Strain P594 grown in Bristol 1s solution, 
Cyanophycean solution and Soil extract under 200 ft-c fluorescent 
light and 21° temperature. 
Source of Degree of Mean Sum of 
Variation Freedom Sum of Square Square F-1 evel 
Among media 2 72,355.40 36, 177. 70 l .082 
Among expt. 
flasks 9 300,855.34 33,428.37 
treated 
alike 
Total 11 373,210.74 
Significant at 0.01% statistical level. 
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TABLE 7. Statistical analysis (a~alysis of variance) on the dry weight 
i 
of Plectonema boryanum Strain P597 grown in Bristol 1 s solution, 
! ! 
Cyanophycean solution and Soil extract under 200 ft-c f'luorefcent 
i 
light and 21° temperature. 
Source of 
Variation 
Among media 
Among expt. 
fl asks 
treated 
alike 
Total 
Degree of 
Freedom 
2 
9 
11 
Sum of Square 
15,696.58 
86,894.73 
102,591.31 
Significant at 0.01% statistical level. 
Mean Sum of 
Square 
7,848.29 
9,654.97 
':,,.,,.' 
F-1 evel 
0.8129 
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TABLE 8. Statistical analysis (analysis of variance) on the dry weight 
of Plectonema boryanum Strain P790 grown in Bristol's solution, 
I' 
I' 
Cyanophycean solution and Soil extract under 200 ft-c r'1uor~rc~ent 
light and 21° temperature 
Source of 
Variation 
Among media 
Among expt. 
flasks 
treated 
alike 
Total 
Degree of 
Freedom 
2 
9 
11 
Sum of Square 
21,581.91 
76,002.73 
97,584.64 
Significant at 0.01% statistical level. 
Mean Sum of 
Square 
10~790.96 
8,444.75 
F-level 
1. 278 
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